T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 365;11 nejm.org september 15, 2011 982 P atients with atrial fibrillation are at increased risk for stroke. Warfarin and other vitamin K antagonists are highly effective treatments, reducing the risk of stroke by about two thirds, but their use is limited by a narrow therapeutic range, drug and food interactions, required monitoring, and risk of bleeding. 1 A randomized trial has confirmed the effectiveness of warfarin in the current era. 2 Two new oral anticoagulants have recently been shown to be equivalent or superior to warfarin in preventing stroke or systemic embolism. 3, 4 Apixaban is a direct oral factor Xa inhibitor with rapid absorption, a 12-hour half-life, and 25% renal excretion. 5 In patients with atrial fibrillation who were not candidates for vitamin K antagonists, apixaban, as compared with aspirin, reduced the rate of stroke or systemic embolism by 55% without increasing the risk of major bleeding. 6 In the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial, 7 we compared apixaban with warfarin for the prevention of stroke or systemic embolism in patients with atrial fibrillation and at least one additional risk factor for stroke.
Me thods

Study Oversight
The trial was designed and led by a steering committee that included academic investigators and representatives of the sponsors (Bristol-Myers Squibb and Pfizer). Approval by the appropriate ethics committees was obtained at all sites. All patients provided written informed consent. The primary analyses were performed both at BristolMyers Squibb and at the Duke Clinical Research Institute. All the authors participated in the design of the trial and the planning of the analyses. The first author wrote the first draft of the manuscript, and all the authors participated in subsequent revisions (with no writing assistance other than copy editing) and approved the final version of the manuscript. The trial protocol and statistical analysis plan are available with the full text of this article at NEJM.org. All the authors assume responsibility for the accuracy and completeness of the data and the analyses and for the fidelity of the study to the protocol.
Trial Design
The trial design has been reported previously. 7 With the use of a double-blind, double-dummy design, we randomly assigned patients to treatment with apixaban or dose-adjusted warfarin. The primary objective was to determine whether apixaban was noninferior to warfarin in reducing the rate of stroke (ischemic or hemorrhagic) or systemic embolism among patients with atrial fibrillation and at least one other risk factor for stroke. The primary safety outcome was major bleeding, according to the criteria of the International Society on Thrombosis and Haemostasis (ISTH). Key secondary objectives were to determine whether apixaban was superior to warfarin with respect to the primary outcome and to the rates of major bleeding and death from any cause. To control the overall type I error, prespecified hierarchical sequential testing was performed first on the primary outcome for noninferiority, then on the primary outcome for superiority, then on major bleeding, and finally on death from any cause.
Study Population
Eligible patients had atrial fibrillation or flutter at enrollment or two or more episodes of atrial fibrillation or flutter, as documented by electrocardiography, at least 2 weeks apart in the 12 months before enrollment. In addition, at least one of the following risk factors for stroke was required: an age of at least 75 years; previous stroke, transient ischemic attack, or systemic embolism; symptomatic heart failure within the previous 3 months or left ventricular ejection fraction of no more than 40%; diabetes mellitus; or hypertension requiring pharmacologic treatment. Key exclusion criteria were atrial fibrillation due to a reversible cause, moderate or severe mitral stenosis, conditions other than atrial fibrillation that required anticoagulation (e.g., a prosthetic heart valve), stroke within the previous 7 days, a need for aspirin at a dose of >165 mg a day or for both aspirin and clopidogrel, and severe renal insufficiency (serum creatinine level of >2.5 mg per deciliter [221 µmol per liter] or calculated creatinine clearance of <25 ml per minute). 7 Patients were classified as not having received warfarin previously if they had used warfarin or another vitamin K antagonist for no more than 30 consecutive days. Investigators at all study centers were encouraged to enroll a sizable proportion of patients (≥40%) who had not previously received warfarin.
Randomization and Study Drugs
Randomization was stratified according to whether patients had received warfarin previously and according to clinical site. Apixaban or matching placebo was administered twice daily, with apixaban given in 5-mg doses; 2.5-mg doses were used in a subset of patients with two or more of the following criteria: an age of at least 80 years, a body weight of no more than 60 kg, or a serum creatinine level of 1.5 mg per deciliter (133 µmol per liter) or more. Warfarin (or matching placebo) was provided as 2-mg tablets and was adjusted to achieve a target international normalized ratio (INR) of 2.0 to 3.0. Patients who were receiving a vitamin K antagonist before randomization were instructed to discontinue the drug 3 days before randomization, and the study drug was initiated when the INR was less than 2.0. INRs were monitored with the use of a blinded, encrypted, point-of-care INR device. An algorithm was provided to guide the adjustment of the warfarin dose. The time that patients' INRs were within the therapeutic range was calculated by the Rosendaal method. 8 A program was implemented to improve the quality of INR control through education and feedback at the site and country levels.
An algorithm was provided to manage temporary discontinuations of the study drug around the time of interventional procedures while maintaining concealment of the group assignments. At the end of the trial, when patients discontinued the study drug, guidance was provided in making the transition to open-label warfarin while maintaining concealment of the treatment assignments and ensuring appropriate anticoagulation. In addition to monthly study visits focusing on control of the INR, visits every 3 months included an assessment of clinical outcomes and adverse events. For each patient who was lost to follow-up or who withdrew consent, attempts were made to determine vital status at the end of the trial.
Study Outcomes
The primary efficacy outcome was stroke or systemic embolism. Stroke was defined as a focal neurologic deficit, from a nontraumatic cause, lasting at least 24 hours and was categorized as ischemic (with or without hemorrhagic transformation), hemorrhagic, or of uncertain type (in the case of patients who did not undergo brain imaging or in whom an autopsy was not performed). The key secondary efficacy outcome was death from any cause. The rate of myocardial infarction was also assessed as a secondary efficacy outcome.
The primary safety outcome was major bleeding, which was defined, according to the ISTH criteria, 9 as clinically overt bleeding accompanied by a decrease in the hemoglobin level of at least 2 g per deciliter or transfusion of at least 2 units of packed red cells, occurring at a critical site, or resulting in death. The secondary safety outcome was a composite of major bleeding and clinically relevant nonmajor bleeding, which was defined as clinically overt bleeding that did not satisfy the criteria for major bleeding and that led to hospital admission, physician-guided medical or surgical treatment, or a change in antithrombotic therapy. Other safety outcomes included any bleeding, other adverse events, and liver-function abnormalities.
The primary and secondary efficacy and safety outcomes were adjudicated on the basis of prespecified criteria by a clinical-events committee whose members were not aware of study-group assignments. For details, see the Supplementary Appendix, available at NEJM.org.
Statistical Analysis
The primary noninferiority hypothesis required that apixaban preserve at least 50% of the relative reduction in the risk of stroke or systemic embolism associated with warfarin (62%) in six previous, major randomized, controlled trials. 10 This hypothesis provided a lower 95% confidence interval of 1.88 for the relative risk with placebo as compared with warfarin, and one half of this value was 1.44 (or 1.38 on a log scale). We estimated that with the occurrence of the primary outcome in 448 patients, the study would have 90% power to ensure that the upper boundary of the 99% confidence interval for the relative risk would be less than 1.44 and that the upper boundary of the 95% confidence interval for the relative risk would be less than 1.38, on the assumption that apixaban and warfarin had identical effects. On the basis of the overall event rate during the trial, we planned to recruit 18,000 pa- tients in order to reach this number of events with approximately 2 years of follow-up. An independent data and safety monitoring committee reviewed the accumulating trial data, with one prespecified interim analysis for efficacy. The primary and key secondary analyses were performed with the use of the Cox proportionalhazards model, with previous warfarin status and geographic region (North America, South America, Europe, or Asian Pacific) used as strata in the model. The primary and secondary efficacy analyses included all patients who underwent randomization (intention-to-treat population) and included all events from the time of randomization until the cutoff date for efficacy outcomes (predefined as January 30, 2011). The analyses of bleeding events included all patients who received at least one dose of a study drug and included all events from the time the first dose of a study drug was received until 2 days after the last dose was received. In a modified intentionto-treat sensitivity analysis, we analyzed bleeding events that occurred in patients who received at least one dose of a study drug and included all * Analyses were performed on data from the intention-to-treat population and included all events through the cutoff date for efficacy outcomes of January 30, 2011; comparisons of the primary outcome and of death from any cause were analyzed as part of hierarchical sequence testing (starting with testing the primary outcome for noninferiority, then the primary outcome for superiority, then major bleeding, and finally death from any cause), to control the type I error. events from the time of randomization until January 30, 2011. All reported P values for noninferiority are one-sided, and all reported P values for superiority are two-sided. All statistical analyses were performed with the use of SAS software, version 9.0 (SAS Institute). Data on vital status at the end of the trial were missing for 380 patients (2.1%). The absence of data on vital status was due to withdrawal of consent in the case of 92 patients in the apixaban group (1.0%) and 107 patients in the warfarin group (1.2%) and was due to loss to follow-up in the case of 35 patients in the apixaban group (0.4%) and 34 in the warfarin group (0.4%).
R e sult s
Study Drugs
A reduced dose of apixaban (2.5 mg twice daily) or placebo was administered in 428 patients in the apixaban group (4.7%) and 403 in the warfarin group (4.4%). Fewer patients in the apixaban group than in the warfarin group discontinued a study drug before the end of the study: 25.3% of the patients in the apixaban group, with 3.6% of the discontinuations due to death, versus 27.5% of patients in the warfarin group, with 3.8% due to death (P = 0.001). Patients in the warfarin group had an INR in the therapeutic range (2.0 to 3.0) for a median of 66.0% of the time and a mean of 62.2% of the time, after the exclusion of INR values during the first 7 days after randomization and during study-drug interruptions.
Primary Outcome
The primary outcome of stroke or systemic embolism occurred in 212 patients in the apixaban group (1.27% per year) as compared with 265 patients in the warfarin group (1.60% per year) (hazard ratio in the apixaban group, 0.79; 95% confidence interval [CI], 0.66 to 0.95; P<0.001 for noninferiority and P = 0.01 for superiority) ( Table  2 and Fig. 1A ). The rate of hemorrhagic stroke was 49% lower in the apixaban group than in the warfarin group, and the rate of ischemic or uncertain type of stroke was 8% lower in the apixaban group than in the warfarin group (Table 2) . Fatal or disabling stroke occurred in 84 patients in the apixaban group (0.50% per year) as com- 
Key Secondary and Other Efficacy Outcomes
The rate of death from any cause was lower in the apixaban group than in the warfarin group (3.52% per year vs. 3.94% per year; hazard ratio, 0.89; 95% CI, 0.80 to 0.99; P = 0.047). The rate of death from cardiovascular causes (including death from hemorrhagic stroke) was 1.80% per year in the apixaban group and 2.02% per year in the warfarin group (hazard ratio, 0.89; 95% CI, 0.76 to 1.04), and the rate of death from noncardiovascular causes (including fatal bleeding other than that from hemorrhagic stroke) was 1.14% per year in the apixaban group and 1.22% per year in the warfarin group (hazard ratio, 0.93; 95% CI, 0.77 to 1.13). The rate of myocardial infarction was lower in the apixaban group than in the warfarin group, but the difference was not significant (Table 2) .
Bleeding
Major bleeding, as defined according to ISTH criteria, occurred in 327 patients in the apixaban group (2.13% per year), as compared with 462 patients in the warfarin group (3.09% per year) (hazard ratio, 0.69; 95% CI, 0.60 to 0.80; P<0.001) ( Table 3 and Fig. 1B ). There appeared to be an even greater reduction in the rate of serious bleeding as defined according to the Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO) criteria for severe bleeding and according to the Thrombolysis in Myocardial Infarction (TIMI) criteria for major bleeding ( Table 3 ). The * The bleeding outcomes were assessed in patients who received at least one dose of a study drug and events that occurred from the time the patients received the first dose of the study drug through 2 days after they received the last dose. The net clinical outcome includes all efficacy outcomes through the cutoff date for the efficacy analysis and bleeding outcomes that occurred from the time the patients received the first dose of the study drug through 2 days after they received the last dose. GUSTO Prespecified subgroups not included in the figure were subgroups according to race, ethnic group, body-mass index, number of risk factors, age of 75 years or more, and use or nonuse of clopidogrel at the time of randomization, as well as subgroups of women according to age group. Heart failure was defined as symptomatic heart failure or a left ventricular ejection fraction of 40% or less. The CHADS 2 score, an index of the risk of stroke in patients with atrial fibrillation, ranges from 1 to 6, with higher scores indicating a greater risk of stroke. TIA denotes transient ischemic attack. rate of intracranial hemorrhage was 0.33% per year in the apixaban group and 0.80% per year in the warfarin group (hazard ratio, 0.42; 95% CI, 0.30 to 0.58; P<0.001), and the rate of any bleeding was 25.8% per year in the warfarin group and 18.1% per year in the apixaban group, an absolute reduction of 7.7 percentage points (P<0.001).
The New England
In a modified intention-to-treat sensitivity analysis that included the entire treatment period, there was a consistent 27% relative reduction in the rate of major bleeding in the apixaban group, as compared with the warfarin group (P<0.001).
Fatal bleeding (including fatal hemorrhagic stroke), as evaluated in the intention-to-treat analysis, occurred in 34 patients in the apixaban group and 55 patients in the warfarin group.
Subgroups
The reduction in the primary outcome with apixaban was consistent across all major subgroups (Fig. 2) , and statistical tests for interaction were not significant (P>0.10) for all of the 21 predefined subgroups. With respect to the outcome of major bleeding, the only baseline characteristics for which the interaction was significant were diabetes status and renal function, with a greater reduction in bleeding among patients who did not have diabetes (P = 0.003 for interaction) and among patients with moderate or severe renal impairment (P = 0.03 for interaction).
Overall Safety Outcomes
Adverse events occurred in almost equal proportions of patients in the apixaban group and in the warfarin group (81.5% of the patients in the apixaban group and 83.1% of patients in the warfarin group), as did serious adverse events (35.0% and 36.5% in the two groups, respectively) (for details, see the Supplementary Appendix). The rates of abnormalities on liver-function testing and liver-related serious adverse events were similar in the two groups.
Discussion
In patients with atrial fibrillation and at least one additional risk factor for stroke, the use of apixaban, as compared with warfarin, significantly reduced the risk of stroke or systemic embolism by 21%, major bleeding by 31%, and death by 11%. For every 1000 patients treated for 1.8 years, apixaban, as compared with warfarin, prevented a stroke in 6 patients, major bleeding in 15 patients, and death in 8 patients. The predominant effect on stroke prevention was on hemorrhagic stroke, with prevention of a hemorrhagic stroke in 4 patients per 1000 and prevention of an ischemic or unknown type of stroke in 2 patients per 1000. The results were consistent in subgroups according to geographic region, status with respect to previous warfarin exposure, age, sex, level of renal impairment, and risk factors for stroke, as well as in other predefined subgroups. Apixaban had an acceptable side-effect profile, with no unexpected side effects, and the rate of discontinuation of the study drug was lower in the apixaban group than in the warfarin group.
Warfarin is highly effective in preventing stroke in patients with atrial fibrillation but is associated with a variable response, has drug and food interactions, requires regular monitoring for dose adjustment, and carries a risk of bleeding (including intracranial hemorrhage). In part because of these limitations, only about half of patients who would benefit from warfarin therapy actually receive the drug. 11 The alternative treatment regimen with apixaban (at a dose of 5 mg twice daily), which does not require anticoagulation monitoring, not only is more effective than warfarin for stroke prevention but also accomplishes this goal at a substantially lower risk of bleeding and with lower rates of discontinuation. These findings are supported by the results of the Apixaban Versus Acetylsalicylic Acid [ASA] to Prevent Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin K Antagonist Treatment trial (AVERROES; ClinicalTrials.gov number, NCT00496769), 6 in which the same apixaban regimen, as compared with low-dose aspirin, was shown to substantially reduce the risk of stroke without any difference in the rates of major bleeding and with lower rates of discontinuation. Although major bleeding was less common with apixaban, at a dose of 5 mg twice daily, than with warfarin in patients with atrial fibrillation, the use of the same dose of apixaban, as compared with placebo, resulted in more bleeding in patients with acute coronary syndromes who were receiving both aspirin and clopidogrel. 12 The significant reduction in mortality observed in our study was consistent with trends toward lower rates of death among patients receiving apixaban than among those receiving aspirin in the AVERROES trial.
Two alternative oral anticoagulants, the direct thrombin inhibitor dabigatran 3 and the factor Xa inhibitor rivaroxaban, 4 have recently been shown in randomized clinical trials to be at least as effective as warfarin in preventing stroke. Each of these agents, like apixaban, has the major advantage of convenience, since there is no need for anticoagulation monitoring. In the Randomized Evaluation of Long-Term Anticoagulation Therapy trial (RE-LY, NCT00262600) the oral di- The 110-mg dose administered twice daily was associated with a rate of stroke that was similar to that with warfarin but with a lower rate of major bleeding. Both doses resulted in lower rates of intracranial hemorrhage. In our study, apixaban at a dose of 5 mg twice daily (with the recommendation to use a reduced dose in patients with a predicted higher drug exposure) appears to combine the advantages of each of the two doses of dabigatran, with both a greater overall reduction in the rate of stroke and a lower rate of bleeding than the rates with warfarin. As compared with warfarin, apixaban is also associated with a reduction in the rate of gastrointestinal bleeding and with consistently lower bleeding rates across age groups 13 and all other major subgroups. Fewer patients receiving apixaban had a myocardial infarction than those receiving either warfarin (in our study) or aspirin (in the AVERROES trial). Rivaroxaban, the second new alternative, was shown to be noninferior to warfarin for the prevention of stroke and systemic embolism in the intention-to-treat analysis in the Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF, NCT00403767). 4 The rates of intracranial hemorrhage and fatal bleeding were lower with rivaroxaban than with warfarin, but there was no advantage with respect to other major bleeding. The differences between our findings and those of other trials comparing novel anticoagulants with warfarin may be related to differences in the doses of drugs, the pharmacokinetic and pharmacodynamic properties of the drugs, 14 patient populations, or other features of the clinical-trial design. The lower risk of hemorrhagic stroke associated with all three novel anticoagulants suggests that there is a specific risk associated with warfarin, possibly related to its inhibition of multiple coagulation factors or interaction between warfarin and tissue factor VIIa complexes in the brain. 15 In conclusion, in patients with atrial fibrillation, apixaban was superior to warfarin in preventing stroke or systemic embolism, caused less bleeding, and resulted in lower mortality.
